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1 INTRODUCTION 
1.1 Introduction 
W-beam guardrail systems often span across reinforced concrete box culverts in order to 
prevent motorists from encountering hazardous conditions near the openings. For low-fill 
culverts of widths exceeding the maximum unsupported length of long-span systems, a few W-
beam guardrail designs are available for direct attachment to the top culvert slab. One such 
guardrail system was developed in 2002 by the Midwest Roadside Safety Facility (MwRSF) [1]. 
This system utilized a ½-in. (13-mm) thick steel plate welded to the bottom of each guardrail 
post with a 5/16-in. (8-mm) three-pass fillet weld on the front (tension) flange and a ¼-in. (6-mm) 
fillet weld on the web and back (compression) flange. The post assembly was anchored to the 
culvert slab using four 1-in. (25-mm) diameter through bolts. Finally, the back-side of the post 
was offset 18 in. (457 mm) from the inside of the culvert headwall to prevent interaction between 
the posts and the rigid headwall as the system deflects during an impact event. This system was 
successfully developed and full-scale crash tested according to the Test Level 3 (TL-3) safety 
performance guidelines found in National Cooperative Highway Research Program (NCHRP) 
Report No. 350 [2].  Drawings for this system are shown in Figures 1 and 2. 
During the implementation of the W-beam guardrail system for attachment to concrete 
box culverts, various State Departments of Transportation (DOTs) have raised questions 
concerning the use of the three-pass fillet weld on the front flange of the attachment post. 
Multiple States have expressed a desire to simplify the weld to a single-pass detail. Therefore, a 
need exists to re-examine the use of the three-pass fillet weld and determine whether a simplified 
alternative weld detail could be utilized in combination with the other details of the post-to-plate 
attachment.  
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Figure 1. Original System Details for Guardrail Attachment to Culverts [1] 
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Figure 2. Original System Post and Weld Details [1] 
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Installation problems have resulted when the guardrail post location coincides with a 
vertical support wall found inside the culvert.  For this scenario, vertical through-bolts cannot be 
utilized to anchor the guardrail posts to the culvert slab since space is not available to place the 
lower bearing plate or access the lower end of the through-bolt and attach a nut. Unfortunately, 
alternative anchorage options, such as epoxy anchorage of threaded rods, have not been 
previously developed. Therefore, a need exists to evaluate the required embedment depth and 
epoxy strength to anchor posts to the culvert top slab. 
1.2 Objective 
This research effort consisted of two objectives investigating modifications to the W-
beam guardrail system developed for attachment to the top of low-fill culverts. The first 
objective was to re-examine the use of the three-pass fillet weld on the front flange of the post 
and determine if an alternative weld detail can be utilized to simplify the post fabrication. The 
second objective was to develop an epoxy anchor option as an alternative to the through-bolt 
anchorage of the guardrail attached to culvert system. In developing these potential alterations, it 
was essential that the post-to-culvert attachment remained intact under dynamic loading where 
large deformations are observed. 
1.3 Scope 
Over the last several years, multiple State DOTs have discussed the use of alternative 
weld details for the post attachment to culvert slabs. As such, MwRSF reviewed the current weld 
details for the culvert-mounted steel post from the members of the Midwest States Pooled Fund 
program as well surveyed the member states to obtain recommendations for a standardized weld 
detail. Subsequently, MwRSF selected the preferred alternative weld details for the culvert post 
and evaluated their performance through dynamic component testing. Additionally, the minimum 
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embedment depth required to anchor the 1-in. (25-mm) diameter bolts or rods utilizing an epoxy 
adhesive was evaluated through the same dynamic component testing. A total of four dynamic 
bogie tests were be performed on culvert posts anchored to MwRSF’s concrete tarmac. Finally, 
conclusions and recommendations were made for revising the weld detail and utilizing epoxied 
anchor rods instead of through-bolts. 
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2 COMPONENT TESTING PARAMETERS 
2.1 Purpose 
During the initial development of the W-beam guardrail system mounted on top of a 
culvert, multiple component tests were conducted to evaluate the post-to-culvert attachment [1]. 
Design variations on both base plate thickness and weld details were explored to find a 
combination that resulted in the anchorage system remaining intact through large deformations. 
All post rotations were expected to include plastic deformations in the post and plate. 
Configurations resulting in tearing of the plate and/or weld failure were not considered for the 
final design. This bogie testing study resulted in the selection of a ½-in. (13-mm) thick base 
plate, a 5/16-in. (8-mm) three-pass fillet weld on the front (tension) flange, and a ¼-in. (6-mm) 
fillet weld on the web and back-side (compression) flange. This attachment configuration (in 
combination with through bolts) was then successfully full-scale crash tested according to the 
TL-3 impact safety standards of NCHRP Report No. 350 [2]. Therefore, the design alternatives 
to the post-to-culvert attachment proposed in this study were subjected to the same dynamic 
bogie testing. Only the alternatives that provided enough strength to resist material tearing, 
fracture, and anchor pullout would be recommended for use. 
2.2 Selection of Alternative Weld Details 
Through a review of State DOT drawings and recommendations for the simplification of 
the post-to-plate attachment, five different weld options were identified as possible replacements 
to the 3-pass, 5/16-in (8-mm) fillet weld. These five weld options are shown in Figure 3. Weld 
Option A included a ¼-in. (6-mm) fillet weld on the web and back flange and a full penetration 
weld on the front flange with minor grinding to reduce residual stresses. Weld Option B was the 
same as Weld Option A, but without the grinding. Weld Option C utilized a single-pass 5/16-in. 
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(8-mm) weld on the front flange while maintaining the ¼-in. (6-mm) fillet welds on the web and 
back flange. Finally, Weld Options D and E utilized only single fillet welds around the entire 
base of the post measuring 5/16 in. (8 mm) and ¼ in. (6 mm), respectively. 
 
(Weld Option A) 
 
 
(Weld Option B) 
       
(Weld Option C) 
                                                     
(Weld Option D) 
                                                      
(Weld Option E) 
 
Figure 3. Proposed Standardized Weld Options 
These five weld options were presented to the members of the Midwest States Pooled 
Fund program, and each member state was asked to indicate which two weld options were 
considered most desirable. Overwhelmingly, Weld Options D and E were the most desired.  
Therefore, Weld Options D and E were selected to be evaluated through dynamic bogie testing. 
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2.3 Component Testing Setup 
Four bogie tests were conducted on the proposed alterations to the original guardrail post 
attachment to culverts. Similar to the component tests conducted during the development of the 
original system, each test involved the bogie vehicle impacting the post assembly at a height of 
30⅝ in. (778 mm). Note, this impact height corresponds to the 21.65 in. (550 mm) height to the 
center of the guardrail above ground line plus the 9 in. (229 mm) depth of soil fill on the culvert. 
Additionally, the dimensions of the post and the base plate remained unchanged. Thus, the W6x9 
(W152x13.4) steel posts were 37 in. (940 mm) in length, and the base plates measured 8½ in. x 
12 in. x ½ in. (216 mm x 305 mm x 13 mm). Finally, the targeted impact speed and angle 
remained the same at 10 mph (16 km/h) and 0 degrees (strong-axis bending), respectively. 
The post and base plate assembly developed and tested for the original system utilized all 
ASTM A36 steel components. However, in the years since that project was completed, the use of 
higher Grade 50 ksi (345 MPa) steel has become more prominent for standard rolled shapes, and 
obtaining A36 wide-flange sections has become increasingly more difficult. Therefore, 
researchers identified the need to utilize the higher grade steel posts to evaluate the future use of 
this guardrail system. Subsequently, ASTM A992 W6x9 (W152x13.4) steel posts were used in 
all four of the bogie tests presented herein. It was also recognized that Grade 50 steel plate was 
also becoming more prominent. Thus, after tearing was observed in the base plates during the 
first two bogie tests, the plate material was also upgraded to 50 ksi (345 MPa) steel for test nos. 
CGSA-3 and CGSA-4. 
For test nos. CGSA-1 through CGSA-3, several attempts were made to simplify the post-
to-plate attachment weld by using only single-pass fillet welds. The size of the fillet welds varied 
between ¼ in. and 5/16 in. (6 mm and 8 mm), as shown in Table 1. Only test no. CGSA-4 utilized 
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a different weld on the front flange than the rest of the post (i.e., web and back flange). Test no. 
CGSA-4 utilized the same weld detail as the original post design with a 3-pass, 5/16-in. (8-mm) 
fillet weld on the front flange (weld “Y”) and a ¼-in. (6-mm) fillet weld throughout the rest of 
the joint (weld “X”). 
Similar to the original system, the posts were anchored to the concrete tarmac by four 1-
in. (25-mm) diameter, ASTM A307 threaded rods epoxied into the concrete. However, the 
embedment depth of the anchor rods was varied between tests in an attempt to evaluate the 
minimum required embedment depth. In test nos. CGSA-1 and CGSA-2, the rods were 
embedded at 12 in. (305 mm) below the ground line. Test nos. CGSA-3 and CGSA-4 used 
embedment depths of 6 in. (152 mm) and 8 in. (203 mm), respectively. Powers Fasteners epoxy 
AC100+ Gold with a minimum bond strength of 1,305 psi (9.0 MPa) was used during this study. 
Variations in system components are outlined in the dynamic component test matrix 
shown in Table 1. System design drawings and test setups are shown in Figures 4 through 9, and 
a pretest photographs are shown in Figure 10. Material specifications, mill certifications, and 
certificates of conformance for all materials are shown in Appendix A. 
Table 1. Dynamic Component Testing Matrix  
Test 
No. 
Post 
Material 
Base Plate 
Material Fillet Weld “X” 
Fillet Weld “Y” 
(Front Flange) 
Anchor 
Embedment 
Depth 
CGSA-1 A992 A36 Single Pass 
5/16 in. 
(8 mm) 
Single Pass 5/16 in. 
(8 mm) 
12 in. 
(305 mm) 
CGSA-2 A992 A36 Single Pass 
1/4 in. 
(6 mm) 
Single Pass 1/4 in. 
(6 mm) 
12 in. 
(305 mm) 
CGSA-3 A992 A529 / A572 (Gr. 50) 
Single Pass 5/16 in. 
(8 mm) 
Single Pass 5/16 in. 
(8 mm) 
6 in. 
(152 mm) 
CGSA-4 A992 A529 / A572 (Gr. 50) 
Single Pass 1/4 in. 
(6 mm) 
Triple Pass 5/16 in. 
(8 mm) 
8 in. 
(203 mm) 
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Figure 4. Bogie Testing Setup, Test Nos. CGSA-1 through CGSA-4 
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Figure 5. Post Assembly and Weld Details, Test Nos. CGSA-1 through CGSA-4 
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Figure 6. Attachment Component Details, Test Nos. CGSA-1 through CGSA-4 
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Figure 7. Bogie Impact Head Details, Test Nos. CGSA-1 through CGSA-4 
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Figure 8. Impact Head Component Details, Test Nos. CGSA-1 through CGSA-4 
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Figure 9. Bill of Materials, Test Nos. CGSA-1 through CGSA-4 
August 12, 2013 
MwRSF Report No. TRP-03-278-13 
16 
 
 
 
 
 
Figure 10. Pre-test Installation Photographs 
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2.4 Test Facility 
Physical testing of the steel post-to-culvert attachments was conducted at the MwRSF 
outdoor testing facility, which is located at the Lincoln Air Park on the northwest side of the 
Lincoln Municipal Airport. The facility is approximately 5 miles (8 km) northwest from the 
University of Nebraska-Lincoln’s city campus. 
2.5 Equipment and Instrumentation 
Equipment and instrumentation utilized to collect and record data during the dynamic 
bogie tests included a bogie, onboard accelerometers, pressure tape switches, high-speed and 
standard-speed digital video cameras, and a digital still camera. 
2.5.1 Bogie 
A rigid-frame bogie was used to impact the posts. A customized, detachable wooden 
impact head, shown previously in Figures 7 and 8, was used in the testing. The bogie head 
consisted of six vertical and two horizontal 6 in. x 8 in. (152 mm x 203 mm) wood posts. This 
impact head matched the one used previously during the original component testing of the post-
to-culvert attachment. The impact head was bolted to the bogie vehicle, thus creating a rigid 
frame with an impact height of 30⅝ in. (778 mm), as shown in Figure 11. The weight of the 
bogie with the addition of the mountable impact head was 4,996 lb (2,266 kg), 4,999 lb (2,268 
kg), 5,010 lb (2,273 kg), and 4,995 lb (2,266 kg) for test nos. CGSA-1, CGSA-2, CGSA-3, and 
CGSA-4, respectively. 
The tests were conducted using a steel pipe guidance track to steer the bogie vehicle into 
a centered, head-on impact with the test article. A pickup truck was used to propel the bogie 
vehicle to the targeted impact velocity of 10 mph (16 km/h), at which point the pickup truck 
braked, allowing the bogie to become a free projectile as it came off the track.   
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Figure 11. Rigid-Frame Bogie 
2.5.2 Accelerometers 
A total of three different environmental shock and vibration sensor/recorder systems were 
used during the component tests to measure the accelerations in the bogie’s longitudinal 
direction. However, only two accelerometers were utilized on any individual test. The 
accelerometer systems utilized during each of the four bogie tests are shown in Table 2. All of 
the accelerometers were mounted near the center of gravity of the bogie. The electronic 
accelerometer data obtained in dynamic testing was filtered using the SAE Class 60 Butterworth 
filter conforming to the SAE J211/1 specifications [3]. 
Table 2. Accelerometer System Used During Each Bogie Test 
Test No. DTS DTS-SLICE EDR-3 
CGSA-1 X  X 
CGSA-2 X X  
CGSA-3 X  X 
CGSA-4  X X 
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One accelerometer system used three piezoresistive accelerometers manufactured by 
Endevco of San Juan Capistrano, California. The three accelerometers were used to measure 
each of the longitudinal, lateral, and vertical accelerations independently at a sample rate of 
10,000 Hz. The accelerometers were configured with a range of ±500 g’s and controlled using a 
Diversified Technical Systems, Inc. (DTS) Sensor Input Module (SIM), Model TDAS3-SIM-
16M manufactured by DTS of Seal Beach, California. The SIM was configured with 16 MB 
SRAM and 8 sensor input channels with 250 kB SRAM/channel. The SIM was mounted on a 
TDAS3-R4 module rack which was configured with isolated power/event/communications, 
10BaseT Ethernet and RS232 communication, and an internal backup battery. The “DTS TDAS 
Control” computer software program and a customized Microsoft Excel worksheet were used to 
analyze and plot the accelerometer data. 
A second system, SLICE 6DX, was a modular data acquisition system manufactured by 
DTS of Seal Beach, California. The acceleration sensors were mounted inside the body of the 
custom built SLICE 6DX event data recorder and recorded data at 10,000 Hz to the onboard 
microprocessor. The SLICE 6DX was configured with 7 GB of non-volatile flash memory, a 
range of ±500 g’s, a sample rate of 10,000 Hz, and a 1,650 Hz (CFC 1000) anti-aliasing filter. 
The “SLICEWare” computer software programs and a customized Microsoft Excel worksheet 
were used to analyze and plot the accelerometer data. 
An additional system, Model EDR-3, was a triaxial piezoresistive accelerometer system 
manufactured by IST of Okemos, Michigan. The EDR-3 was configured with 256 kB of RAM, a 
range of ±200 g’s, a sample rate of 3,200 Hz, and a 1,120 Hz low-pass filter. The “DynaMax 1 
(DM-1)” computer software program and a customized Microsoft Excel worksheet were used to 
analyze and plot the accelerometer data.  
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2.5.3 Pressure Tape Switches 
Three pressure tape switches were spaced at approximately 3.3 ft (1 m) intervals for test 
nos. CGSA-1 and CGSA-2. The three tape switches were spaced at 18 in. (457 mm) intervals for 
test nos. CGSA-3 and CGSA-4. The pressure tape switches were placed near the end of the bogie 
track and used to determine the speed of the bogie just before the impact. As the left-front tire of 
the bogie passed over each tape switch, a strobe light was fired sending an electronic timing 
signal to the data acquisition system. The system recorded the signals and the time each 
occurred. The speed was then calculated using the spacing between the sensors and the time 
between the signals. Strobe lights and high-speed video analysis are used only as a backup in the 
event that vehicle speeds cannot be determined from the electronic data. 
2.5.4 Photography Cameras 
Two high-speed AOS VITcam digital video cameras were used to document each test. 
The high-speed AOS cameras each had a frame rate of 500 frames per second. One camera was 
placed laterally from the post, with a view perpendicular to the bogie’s direction of travel. The 
other camera was focused on the base of the post, and was placed at various angles for the four 
tests. Additionally, a Nikon D50 digital camera was used to document pre-test and post-test 
conditions for each post. 
2.6 End of Test Determination 
During an impact, the data acquisition system records the accelerations that the bogie 
observes from all sources, not just the post. Thus, vibrations in the bogie vehicle, impact head, 
and accelerometer mounting assembly are also recorded and result in a high frequency 
acceleration trace. Since the bogie vehicle may still be vibrating after the impact event, the data 
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may extend beyond the failure of the post.  For this reason, the end of the test needed to be 
defined. 
In general, the end of test time was identified as the time that the acceleration trace 
subsided back toward zero and it was clear that the continuation of vibrations were not caused by 
the interaction with the post. Additionally, the test duration was limited by the bogie-post contact 
time so that there were no unreasonably long test durations. For each test, the high-speed video 
was used to establish the length of time that the bogie head was actually in contact with the post, 
and this time was then used to define the end of the test. 
2.7 Data Processing 
Initially the electronic accelerometer data was filtered using the SAE Class 60 
Butterworth filter conforming to the SAE J211/1 specifications. The pertinent acceleration signal 
was extracted from the bulk of the data signals. The processed acceleration data was then 
multiplied by the mass of the bogie to get the impact force using Newton’s Second Law. Next, 
the acceleration trace was integrated to find the change in velocity verses time. Initial velocity of 
the bogie, calculated from the pressure switch data, was then used to determine the bogie 
velocity. The calculated velocity trace was integrated to find the bogie’s displacement. This 
displacement is also the displacement of the post at impact height. Combining the previous 
results, a force vs. deflection curve was plotted for each test. Finally, integration of the force vs. 
deflection curve provided the energy vs. deflection curve for each test. 
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3 COMPONENT TESTING RESULTS AND DISCUSSION 
3.1 Results 
Analysis of the bogie test results was focused on two main areas, material damage and 
force vs. deflection characteristics. Care was taken to document all system damage in the form of 
plastic deformation, tearing, fracture, and anchor pullout. Additionally, the accelerometer data 
was analyzed to obtain the force applied by the bogie vehicle impact and the deflection of the 
post at impact height. This data was then used to find total energy (the area under the force 
versus deflection curve) dissipated during each test. The forces, displacements, and energies 
described herein were calculated from the data recorded by the DTS unit for test nos. CGSA-1, 
CGSA-2, and CGSA-3. For test no. CGSA-4, the DTS system was not used, so the values were 
calculated from the DTS-SLICE data. Individual test results are provided in Appendix B for all 
accelerometers. 
3.1.1 Test No. CGSA-1 
For test no. CGSA-1, the post was connected to the base plate using a 5/16-in. (8-mm) 
fillet weld all around the base of the post. To anchor the post assembly, four 1-in. (25-mm) 
diameter threaded rods were epoxied into the tarmac with an embedment depth of 12 in. (305 
mm). During test no. CGSA-1, the bogie impacted the post at a speed of 9.8 mph (15.8 km/h).  
As a result, the post rotated backward, and the bogie was eventually brought to a stop at a 
displacement of 21.7 in. (546 mm) as determined from the DTS data. Post-test inspection 
revealed that both the back flange and the web of the post had buckled and the base place was 
bent upward. Although the weld held, the plate was torn adjacent to the weld on the front flange, 
and the tearing extended around the flange and 1 in. (25 mm) toward the back of the plate on 
both sides. 
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Force vs. deflection and energy vs. deflection curves were created from the DTS 
accelerometer data, as shown in Figure 12. Early in the impact event, a maximum resistance of 
18.1 kips (80.5 kN) was recorded at 4.7 in. (119 mm) of deflection. Video analysis confirmed 
this peak force corresponded to the time just prior to the plate beginning to tear, or 0.034 seconds 
after impact. After the onset of tearing, the resistance force decreased and remained relatively 
constant. At the maximum deflection of 21.7 in. (551 mm), the post assembly had absorbed 
191.7 k-in. (21.7 kJ) of energy. Time-sequential and post-impact photographs are shown in 
Figures 13 through 15. 
 
 
Figure 12. Force vs. Deflection and Energy vs. Deflection, Test No. CGSA-1 
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Figure 13. Time-Sequential Photographs, Test No. CGSA-1 
August 12, 2013 
MwRSF Report No. TRP-03-278-13 
25 
 
IMPACT 
 
 
0.012 sec 
 
 
0.024 sec 
 
0.036 sec 
 
 
0.048 sec 
 
 
0.060 sec 
 
Figure 14. Time-Sequential Photographs, Test No. CGSA-1 
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Figure 15. Post-Impact Photographs, Test No. CGSA-1 
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3.1.2 Test No. CGSA-2 
For test no. CGSA-2, the post was connected to the base plate using a ¼-in. (6-mm) fillet 
weld all around the base of the post. To anchor the post assembly, four 1-in. (25-mm) diameter 
threaded rods were epoxied into the tarmac with an embedment depth of 12 in. (305 mm). 
During test no. CGSA-2, the bogie impacted the post at a speed of 9.6 mph (15.4 km/h). As a 
result, the post rotated backward, and the bogie eventually overrode the top of the post at a 
displacement of 23.2 in. (589 mm) as determined from the DTS data. Post-test examination 
revealed failure modes similar to test no. CGSA-1. The back flange of the post had buckled, and 
the plate was torn adjacent to the front flange weld and continued approximately ¾ in. (19 mm) 
backward on each side. 
Force vs. deflection and energy vs. deflection curves were created from the DTS 
accelerometer data, as shown in Figure 16. Early in the impact event, a maximum force of 13.8 
kips (61.4 kN) was recorded at a deflection of 5.0 in. (127 mm). Video analysis confirmed this 
peak force occurred just prior to the onset of plate tearing, or 0.030 seconds after impact. Once 
tearing began, the resistance force decreased and remained relatively constant. At a maximum 
deflection of 23.2 in. (589 mm), the post assembly had absorbed 183.2 k-in. (20.7 kJ) of energy. 
Time-sequential and post-impact photographs are shown in Figures 17 through 19. 
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Figure 16. Force vs. Deflection and Energy vs. Deflection, Test No. CGSA-2 
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Figure 17. Time-Sequential Photographs, Test No. CGSA-2 
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Figure 18. Time-Sequential Photographs, Test No. CGSA-2 
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Figure 19. Post-Impact Photographs, Test No. CGSA-2 
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3.1.3 Test No. CGSA-3 
For test no. CGSA-3, the post was connected to the base plate using a 5/16-in. (8-mm) 
fillet weld all around the base of the post. To anchor the post assembly, four 1-in. (25-mm) 
diameter threaded rods were epoxied into the tarmac with an embedment depth of 6 in. (152 
mm). During test no. CGSA-3, the bogie impacted the post at a speed of 9.7 mph (15.6 km/h). As 
a result, the post rotated backward, and the bogie eventually overrode the top of the post. At 
0.020 sec after impact, concrete cracks began to form around the front anchor rods, and by 0.026 
seconds, the anchor rods were pulled out of the concrete. The post assembly then rotated about 
the back of the plate causing the back anchors to bend. At approximately 0.150 seconds, the base 
of the bogie head impacted the post and caused the back anchor rods to pull out. 
Force vs. deflection and energy vs. deflection curves were created from the DTS 
accelerometer data, as shown in Figure 20. Note, the curves only show the interaction forces and 
energies related to the primary impact. The plotted data was extracted prior to the secondary 
impact between the bottom of the bogie head and the base of the post. Early in the test, peak 
forces of 16.0 kips and 13.0 kips (71.2 kN and 57.8 kN) were recorded. Once the anchorage 
failed at approximately 5 in. (127 mm) of deflection, the resistance force decreased quickly and 
was nearly zero when the base of bogie impacted the post at 15.1 in. (384 mm) of deflection. 
Prior to this secondary impact, the assembly had absorbed 80.4 k-in. (9.1 kJ) of energy. Time-
sequential and post-impact photographs are shown in Figures 21 through 23. 
August 12, 2013 
MwRSF Report No. TRP-03-278-13 
33 
 
Figure 20. Force vs. Deflection and Energy vs. Deflection, Test No. CGSA-3 
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Figure 21. Time-Sequential Photographs, Test No. CGSA-3 
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Figure 22. Time-Sequential Photographs, Test No. CGSA-3 
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Figure 23. Post-Impact Photographs, Test No. CGSA-3 
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3.1.4 Test No. CGSA-4 
For test no. CGSA-4, the post was connected to the base plate using a 3-pass, 5/16-in. (8-
mm) fillet weld on the front flange and a single-pass ¼-in. (6-mm) fillet weld on the web and 
back flange. To anchor the post assembly, four 1-in. (25-mm) diameter threaded rods were 
epoxied into the tarmac with an embedment depth of 8 in. (203 mm). During test no. CGSA-4, 
the bogie impacted the post at a speed of 11.6 mph (18.7 km/h). As a result, the post bent 
backward, and the bogie eventually overrode the top of the post at a displacement of 20.3 in. 
(516 mm) as determined from the DTS-SLICE data. Post-test examination revealed buckling of 
the back flange and web of the post along with bending of the base plate. No evidence of plate 
tearing or weld failure was present. 
Force vs. deflection and energy vs. deflection curves were created from the DTS-SLICE 
accelerometer data, as shown in Figure 24. Early in the test, multiple force spikes of around 20 
kips (89 kN) were recorded within the first 6 in. (152 mm) of deflection. The resistance force 
then steadily declined until the bogie overrode the post at a deflection of 20.3 in. (516 mm). The 
post assembly absorbed a total of 189.7 k-in. (21.4 kJ) of energy. Time-sequential and post-
impact photographs are shown in Figures 25 through 27. 
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Figure 24. Force vs. Deflection and Energy vs. Deflection, Test No. CGSA-4 
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Figure 25. Time-Sequential Photographs, Test No. CGSA-4 
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Figure 26. Time-Sequential Photographs, Test No. CGSA-4 
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Figure 27. Post-Impact Photographs, Test No. CGSA-4 
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3.2 Discussion 
Results from the bogie testing program are summarized in Table 3. Both the weld detail 
and the embedment depth of the anchors were shown to be critical for the attachment of guardrail 
posts to the culvert slab.  Test nos. CGSA-1 and CGSA-2 attempted to simplify the weld on the 
front flange of the post by using single-pass 5/16-in. (8-mm) and 1/4-in. (6-mm) fillet welds, 
respectively. However, both tests resulted in large tears in the base plate adjacent to the weld on 
the front flange. In an effort to prevent plate tearing, the base plate material was changed from 
A36 to A572 Grade 50 for test nos. CGSA-3 and CGSA-4. Although plate tearing did not occur 
in the A572 plates, the anchor pullout failure of test no. CGSA-3 prevented a full analysis of the 
single-pass, 5/16-in. (8-mm) weld. As a result, only the 3-pass, 5/16-in. (8-mm) weld used in test 
no. CGSA-4 (same as the original system) has been proven effective in anchoring the guardrail 
post and preventing material fracture. 
Table 3. Test Results from Bogie Testing Matrix 
Test  
No. 
Fillet Weld 
in. 
(mm) 
Anchor   
Embedment   
in.  
(mm) 
Impact 
Velocity 
mph 
(km/h) 
Average Force 
kips (kN) Primary Failure 
Mechanism 
@ 10 in. @ 15 in. @ 20 in. 
CGSA-1 
5/16  12 9.8 10.7 10.0 8.9 Plate Tearing 
(8) (305) (15.8) (47.6) (44.5) (39.6) 
CGSA-2 
1/4  12 9.6 9.0 8.6 8.1 Plate Tearing 
(6) (305) (15.4) (40.0) (38.3) (36.0) 
CGSA-3 
5/16  6 9.7 7.0 5.3 NA Anchor Pullout 
(8) (152) (15.6) (31.1) (23.6) 
CGSA-4 
3-Pass 5/16  8 11.6 12.1 10.7 9.5 Post Buckling 
(3-Pass 8) (203) (18.7) (53.8) (47.6) (42.3) 
 
As mentioned in the previous paragraph, test no. CGSA-3 resulted in the epoxied anchor 
rods pulling out of the concrete. Thus, the 6-in. (152-mm) embedment depth was deemed too 
shallow to develop the full anchor load of the guardrail post attachment. Alternatively, the 8-in. 
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(203-mm) embedment depth utilized in test no. CGSA-4 provided the necessary anchorage 
strength throughout the duration of the test and showed no signs of premature failure. Therefore, 
the recommended minimum embedment depth for epoxied anchor rods was set as 8 in. (203 
mm). 
3.3 Comparison to Original Testing Results 
Test no. CGSA-4 provided the desired anchorage results by preventing weld fracture, 
plate tearing, and anchor pullout. However, both the post and base plate utilized in test no. 
CGSA-4 were fabricated from steel materials with a minimum yield stress of 50 ksi (345 MPa), 
while the original system was fabricated and tested utilizing A36 steel components.  Therefore, it 
was important to quantify any differences in resistance that results from the change in material 
grade. 
The force vs. displacement and energy vs. displacement curves from the four bogie tests 
conducted for this study and the curves from the bogie test conducted in the original study, test 
no. KCB-7 [1], are shown in Figures 28 and 29, respectively. The 50-ksi (345-MPa)  steel of test 
no. CGSA-4 resulted in higher peak forces of the first 8 in. (203 mm) of deflection. However, 
after 20 in. (508 mm) of deflection, there was only a 6 percent difference in the total energy 
absorbed between test nos. CGSA-4 and KCB-7. Thus, both post assemblies would be expected 
to perform similarly when used in a full-system installation. The use of either steel grade should 
be acceptable for use in the W-beam guardrail system attached to low-fill culverts. 
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Figure 28. Comparison of Force vs. Deflection Curves  
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Figure 29. Comparison of Energy vs. Deflection Curves  
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4 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Two objectives were contained within this research effort to determine alternatives to the 
W-beam guardrail system for attachment to the top of low-fill culverts. The first objective was to 
determine if an alternative weld detail could be utilized to simplify the three-pass fillet weld on 
the front flange of the post. The second objective was to develop an epoxy anchor alternative to 
bolting through the top slab of the culvert. These system modifications were evaluated through a 
series of four dynamic, bogie tests conducted under the same impact conditions utilized in the 
original development study. 
Both 1/4-in. and 5/16-in. (6-mm and 8-mm) fillet weld options were explored. However, 
both of these weld details resulted in large tears in the base plate adjacent to front flange of the 
post in test nos. CGSA-1 and CGSA-2. An attempt was made to utilize a 50-ksi (345-MPa) steel 
base plate with the 5/16-in. (8-mm) weld to prevent tearing, but the epoxy anchors failed during 
test no. CGSA-3 prior to the development of the full lateral resistance of the post assembly. Only 
test no. CGSA-4, which utilized the original weld details from the as-tested system, resisted the 
full impact load without component failure. Therefore, the recommended weld details for the 
post-to-base plate remain the same with a 3-pass, 5/16–in. (8-mm) fillet weld on the front flange 
and a 1/4-in. (6-mm) fillet weld on the web and back flange. 
Although the simplified fillet weld details explored during this study resulted in 
component fractures, it is recognized that other weld options (e.g., full penetration welds) may 
provide adequate strength and durability. However, until these options are evaluated through 
similar dynamic tests, the use of alternative weld details remains unverified. Thus, MwRSF will 
continue to recommend the use of the original weld details for the post-to-plate assemblies.  
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The post assembly used in test no. CGSA-4 was fabricated from 50-ksi (345-MPa) steel 
with a minimum yield stress of 50 ksi (345 MPa) as opposed to the A36 components utilized in 
the original system. However, this variation in steel grades resulted in only minor changes to the 
resistance characteristics of the post. In fact, when comparing the test results between test nos. 
CGSA-4 and KCB-7 (conducted with A36 steel components during the original system 
development study), the total energy absorbed through 20 in. (508 mm) of deflection was found 
to differ by only 6 percent. Thus, a complete guardrail installation would be expected to perform 
similarly when using either steel grade for the post assembly. Subsequently, both ASTM A36 
and Grade 50 steel post and base plate components are recommended for use in the W-beam 
guardrail attached to culvert slabs. This conclusion is significant because A36 components may 
be more difficult to find, and recent trends have shown that manufactures are supplying higher 
grade materials more frequently. 
In evaluating the potential for an epoxied anchor option as opposed to the original 
through-bolt anchorage, tests were conducted utilizing Powers Fasteners AC100+ Gold epoxy 
and various embedment depths. Identical to the original system design, four 1-in. (25-mm) 
diameter, ASTM A307 threaded rods where used to anchor the base plate to the concrete tarmac. 
A 6-in. (152-mm) embedment depth was utilized in test no. CGSA-3, but the anchor rods were 
pulled out of the concrete during the impact event. Subsequently, the embedment depth was 
increased to 8 in. (203 mm) for test no. CGSA-4, and the anchors successfully held the impact 
load without any signs of failure. Therefore, it is recommended to utilize a minimum embedment 
depth of 8 in. (203 mm) when using the epoxy anchorage option instead of through-bolts.  
The epoxy resin should have a minimum bond strength equal to or greater than that 
provided by the Powers Fasteners AC100+ Gold epoxy, 1,305 psi (9.0 MPa), and the epoxy 
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anchors should be installed according to manufacturer specifications. When the system is 
installed with the recommended minimum 10-in. (254-mm) offset between the post and the 
inside face of the headwall, anchor strength reductions due to edge effects are eliminated. 
However, for installations to a culvert without a headwall, a 12-in. (305-mm) offset is 
recommended between the epoxy anchors and the edge of the culvert. During installation, the 
culvert and drilled holes should be dry and free of dirt and debris to provide optimum conditions 
to develop the bond. Finally, the concrete should be in good condition (i.e., minimal cracking) 
and have a minimum compressive strength of 4,000 psi.  
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6 APPENDICES 
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Appendix A. Material Specifications 
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Table A-1. Material Certification List, Test Nos. CGSA-1 and CGSA-2 
Description Material Specifications and/or Grade Material Reference 
W6x9 [W152x13.4] Post, 37" [940] long ASTM A992 Min. 50 ksi [345 MPa] Heat No. 22603040 
Base Plate, 1/2" x 8 1/2" x 12" [13x216x305]  ASTM A36 Heat No. JW1110217202 
1" [25] dia.-UNC Threaded Rod, 14" [356] long 
SAE J429 Grade 2 
ASTM A307 Grade C 
ASTM F1554 Grade 36 
CoC - 6/1/2009 
1" [25] dia. Flat Washer ASTM F844 CoC - 2/7/2011 
1" [25] dia. - 8 UNC Nut ASTM A563A CoC - 6/1/2009 
Powers Fasteners Epoxy - AC100+ Gold Min. Bond Strength 1,305 psi Lot# C117  Exp.: December 2012 
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Table A-2. Material Certification List, Test Nos. CGSA-3 and CGSA-4 
Description Material Specifications and/or Grade Material Reference 
W6x9 [W152x13.4] Post, 37" [940] long ASTM A992 Min. 50 ksi [345 MPa] Heat No. 22603040 
Base Plate, 1/2" x 8 1/2" x 12" [13x216x305]  ASTM A36 Heat No. JW1110217202 
1" [25] dia.-UNC Threaded Rod, 14" [356] long 
SAE J429 Grade 2 
ASTM A307 Grade C 
ASTM F1554 Grade 36 
CoC - 6/1/2009 
1" [25] dia. Flat Washer ASTM F844 CoC - 2/7/2011 
1" [25] dia. - 8 UNC Nut ASTM A563A CoC - 6/1/2009 
Powers Fasteners Epoxy - AC100+ Gold Min. Bond Strength 1,305 psi C222/ APR13 
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Figure A-1. W6x9 (W152x13.4) Steel Posts, Test Nos. CGSA-1 and CGSA-2 
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Figure A-2. W6x9 (W152x13.4) Steel Posts, Test Nos. CGSA-3 and CGSA-4 
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Figure A-3. ½-in. (13-mm) Thick Base Plate, Test Nos. CGSA-1 and CGSA-2 
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Figure A-4. ½-in. (13-mm) Thick Base Plate, Test Nos. CGSA-3 and CGSA-4 
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Figure A-5. 1-in. (25-mm) Diameter Threaded Rods, Test Nos. CGSA-1 through 4 
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Figure A-6. 1-in. (25-mm) Flat Washers, Test Nos. CGSA-1 through 4 
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Figure A-7. 1-in. (25-mm) Hex Nuts, Test Nos. CGSA-1 through 4 
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Appendix B. Bogie Test Results 
The results of the recorded data from each accelerometer used during each dynamic bogie 
test are provided in the summary sheets found in this appendix. Summary sheets include 
acceleration, velocity, and displacement versus time plots as well as force and energy versus 
displacement plots. 
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Figure B-1. Results of Test No. CGSA-1 (DTS) 
Test Results Summary
Test Number: cgsa-1 Max. Deflection: 21.7  in.
Test Date: 13-Jan-2012 Peak Force: 18.1  k
Failure Type: Flange Buckling - Plate Tearing Initial Linear Stiffness: 8.0  k/in.
Total Energy: 191.7  k-in.
Post Assembly Properties
Post Material Steel - A992
Post Size: W6x9 W150x13.4
Post Length: 37 in. 94 cm
Orientation: Strong Axis - Centered On Post
Plate Material: A36 Steel
Plate Thickness: 1/2"
Weld Design: 5/16" single pass fillet
Threaded rods: 1" diameter A307
Embedment Depth: 12" 30.5 cm
Epoxy: Powers Fasteners AC100+ Gold
Impact Velocity: 9.78 mph  (14.3 fps) 4.37 m/s
Impact Height: 30.625 in. 77.8 cm
Bogie Mass: 4996 lbs 2266.1 kg
Data Acquired
Acceleration Data: DTS
Camera Data: AOS-5 Perpendicular - 25'
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Figure B-2. Results of Test No. CGSA-1 (EDR-3) 
Test Results Summary
Test Number: cgsa-1 Max. Deflection: 21.9  in.
Test Date: 13-Jan-2012 Peak Force: 18.2  k
Failure Type: Flange Buckling - Plate Tearing Initial Linear Stiffness: 3.8  k/in.
Total Energy: 191.5  k-in.
Post Assembly Properties
Post Material Steel - A992
Post Size: W6x9 W150x13.4
Post Length: 37 in. 94 cm
Orientation: Strong Axis - Centered On Post
Plate Material: A36 Steel
Plate Thickness: 1/2"
Weld Design: 5/16" single pass fillet
Threaded rods: 1" diameter A307
Embedment Depth: 12" 30.5 cm
Epoxy: Powers Fasteners AC100+ Gold
Impact Velocity: 9.78 mph  (14.3 fps) 4.37 m/s
Impact Height: 30.625 in. 77.8 cm
Bogie Mass: 4996 lbs 2266.1 kg
Data Acquired
Acceleration Data: EDR-3
Camera Data: AOS-5 Perpendicular - 25'
Bogie Test Summary
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Figure B-3. Results of Test No. CGSA-2 (DTS) 
Test Results Summary
Test Number: cgsa-2 Max. Deflection: 23.2  in.
Test Date: 24-Jan-2012 Peak Force: 13.8  k
Failure Type: Flange Buckling - Plate Tearing Initial Linear Stiffness: 2.8  k/in.
Total Energy: 183.2  k-in.
Post Assembly Properties
Post Material Steel  A992
Post Size: W6x9 W150x13.4
Post Length: 37 in. 94 cm
Orientation: Strong Axis - Centered On Post
Plate Material: A36 Steel
Plate Thickness: 1/2"
Weld Design: 1/4" single pass fillet
Threaded rods: 1" diameter A307
Embedment Depth: 12" 30.5 cm
Epoxy: Powers Fasteners AC100+ Gold
Impact Velocity: 9.55 mph  (14 fps) 4.27 m/s
Impact Height: 30.625 in. 77.8 cm
Bogie Mass: 4999 lbs 2267.5 kg
Data Acquired
Acceleration Data: DTS
Camera Data: AOS-5 Perpendicular - 25'
Anchorage
Bogie Properties
Bogie Test Summary
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Figure B-4. Results of Test No. CGSA-2 (DTS-SLICE) 
Test Results Summary
Test Number: cgsa-2 Max. Deflection: 22.5  in.
Test Date: 24-Jan-2012 Peak Force: 15.2  k
Failure Type: Flange Buckling - Plate Tearing Initial Linear Stiffness: 5.3  k/in.
Total Energy: 183.3  k-in.
Post Assembly Properties
Post Material Steel - A992
Post Size: W6x9 W150x13.4
Post Length: 37 in. 94 cm
Orientation: Strong Axis - Centered On Post
Plate Material: A36 Steel
Plate Thickness: 1/2"
Weld Design: 1/4" single pass fillet
Threaded rods: 1" diameter A307
Embedment Depth: 12" 30.5 cm
Epoxy: Powers Fasteners AC100+ Gold
Impact Velocity: 9.55 mph  (14 fps) 4.27 m/s
Impact Height: 30.625 in. 77.8 cm
Bogie Mass: 4999 lbs 2267.5 kg
Data Acquired
Acceleration Data: DTS - SLICE
Camera Data: AOS-5 Perpendicular - 25'
Anchorage
Bogie Properties
Bogie Test Summary
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Figure B-5. Results of Test No. CGSA-3 (DTS) 
Test Results Summary
Test Number: CGSA-3 Max. Deflection: 15.1  in.
Test Date: 7-Mar-2012 Peak Force: 15.9  k
Failure Type: Anchorage Failure Initial Linear Stiffness: 6.9  k/in.
Total Energy: 80.4  k-in.
Post Assembly Properties
Post Material Steel - A992
Post Size: W6x9 W152x13.4
Post Length: 37 in. 94 cm
Orientation: Strong Axis
Plate Material: A572 Grade-50
Plate Thickness: 1/2"
Weld Design: 5/16" Single-Pass Fillet
Threaded rods: 1" Diameter A307
Embedment Depth: 6 in. 15.2 cm
Epoxy: Powers Fasteners AC100+ Gold
Impact Velocity: 9.71 mph  (14.2 fps) 4.34 m/s
Impact Height: 30.625 in. 77.8 cm
Bogie Mass: 5010 lbs 2272.5 kg
Data Acquired
Acceleration Data: DTS - BJ69H
Camera Data: AOS-5 & 6
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Figure B-6. Results of Test No. CGSA-3 (EDR-3) 
Test Results Summary
Test Number: CGSA-3 Max. Deflection: 15.1  in.
Test Date: 7-Mar-2012 Peak Force: 18.0  k
Failure Type: Anchorage Failure Initial Linear Stiffness: 6.1  k/in.
Total Energy: 92.2  k-in.
Post Assembly Properties
Post Material Steel - A992
Post Size: W6x9 W152x13.4
Post Length: 37 in. 94 cm
Orientation: Strong Axis
Plate Material: A572 Grade-50
Plate Thickness: 1/2"
Weld Design: 5/16" Single-Pass Fillet
Threaded rods: 1" Diameter A307
Embedment Depth: 6 in. 15.2 cm
Epoxy: Powers Fasteners AC100+ Gold
Impact Velocity: 9.71 mph  (14.2 fps) 4.34 m/s
Impact Height: 30.625 in. 77.8 cm
Bogie Mass: 5010 lbs 2272.5 kg
Data Acquired
Acceleration Data: EDR-3
Camera Data: AOS-5 & 6
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Bogie Properties
Bogie Test Summary
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Figure B-7. Results of Test No. CGSA-4 (DTS-SLICE) 
Test Results Summary
Test Number: CGSA-4 Max. Deflection: 20.3  in.
Test Date: 13-Apr-2012 Peak Force: 21.7  k
Failure Type: Post and Plate Yielding Initial Linear Stiffness: 12.3  k/in.
Total Energy: 189.7  k-in.
Post Assembly Properties
Post Material Steel - A992
Post Size: W6x9 W152x13.4
Post Length: 37 in. 94 cm
Orientation: strong axis
Plate Material: A572 Grade-50
Plate Thickness: 1/2"
Weld Design: 5/16" 3-pass fillet on front flange
1/4" fillet on web and back flange 
Threaded rods: 1" Diameter A307
Embedment Depth: 8 in. 20.3 cm
Epoxy: Powers Fasteners AC100+ Gold
Impact Velocity: 11.63 mph  (17.1 fps) 5.2 m/s
Impact Height: 30.625 in. 77.8 cm
Bogie Mass: 4995 lbs 2265.7 kg
Data Acquired
Acceleration Data: DTS - SLICE
Camera Data: AOS-5 Perpendicular - 140"
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Figure B-8. Results of Test No. CGSA-4 (EDR-3) 
Test Results Summary
Test Number: CGSA-4 Max. Deflection: 17.9  in.
Test Date: 13-Apr-2012 Peak Force: 26.5  k
Failure Type: Post and Plate Yielding Initial Linear Stiffness: 5.4  k/in.
Total Energy: 186.1  k-in.
Post Assembly Properties
Post Material Steel -A992
Post Size: W6x9 W152x13.4
Post Length: 37 in. 94 cm
Orientation: strong axis
Plate Material: A572 Grade-50
Plate Thickness: 1/2"
Weld Design: 5/16" 3-pass fillet on front flange
1/4" fillet on web and back flange 
Threaded rods: 1" Diameter A307
Embedment Depth: 8 in. 20.3 cm
Epoxy: Powers Fasteners AC100+ Gold
Impact Velocity: 11.63 mph  (17.1 fps) 5.2 m/s
Impact Height: 30.625 in. 77.8 cm
Bogie Mass: 4995 lbs 2265.7 kg
Data Acquired
Acceleration Data: EDR-3
Camera Data: AOS-5 Perpendicular - 140
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